In this paper we deal with the issue of the effects of infrastructure investments on the regional mix of economic activity in Portugal. To address this issue we use a new data set for infrastructure investments in Portugal at the level of the NUTS II. We use a region-specific VAR approach which considers, for each region, not only the effects of infrastructure investments in the region itself but also the regional spillover effects for each region from infrastructure investments elsewhere. Our results can be summarized as follows. First, we find that the largest aggregate effects are for investments in municipal roads, airports, ports, and education. Second, regional spillovers are very important across the board, and are particularly relevant for municipal roads and highways. Third, we find that for road transportation infrastructures, investments in national roads shift the regional concentration of economic activity towards North, Lisbon, and Alentejo, while investments in municipal roads have the same effects for Centre and investments in highways once again in North, Lisbon and Alentejo. For other transportation infrastructures the shifts in regional economic composition occur in North and Alentejo for railroad investments, Lisbon, Alentejo, and Algarve for airport investment, and Centre and Algarve for port infrastructure investments. Finally, investments in both education and health shift the regional output mix towards North and Centre, and in the case of health Alentejo as well. Accordingly, the aggregate effects of infrastructure investments hides a wide variety of effects across regions and across different infrastructure assets. Being mindful of these differences is fundamental in designing policies that help with aggregate economic performance without increasing regional disparities.
Introduction
In this paper we deal with the issue of empirically identifying the effects of infrastructure investments on the regional mix of economic activity in Portugal. To address this issue we use a new data set for infrastructure investments in Portugal at the level of the NUTS II regions. We use a region-specific VAR approach which considers, for each region, not only the effects of infrastructure investments in the region itself but also the regional spillover effects for each region from infrastructure investments elsewhere.
Our discussion is centered on three intertwined research questions. First, we want to determine the regional decomposition of the aggregate effects of different types of infrastructure investments. This helps us determine which locations benefit the most in absolute terms when we consider the patterns of infrastructure investments in the country. Second, we want to identify for each type of infrastructure asset the relevance of regional spillovers. This allows us to determine how much a region benefits from infrastructure investments elsewhere. Finally, and using the information on the two previous questions we want to determine the impact of national patterns of each type of infrastructure investment on the regional composition of economic activity. This allows us to identify which regions benefit the most relative to their economic size, that is, whether or not infrastructure investments contribute to the regional concentration or to the regional diversification of economic activity.
The body of empirical literature on the economic effects of infrastructure investment is rather extensive and includes a fair amount of work with a regional focus [see, for example, Munnell (1992) , Gramlich (1994), Romp and de Haan (2007) and Pereira and Andraz (2013) , for literature surveys as well as the literature review in Kamps (2005) ].
The empirical evidence on the positive effects of infrastructure investments at the regional level has traditionally been unable to replicate the large effects often identified at the aggregate level.
Some of the early contributions provide evidence of a positive effects although clearly lower than the aggregate estimates [Costa et al. (1987) , Duffy-Deno and Eberts (1991) , Eberts (1990) , Garcia-Mila and McGuire (1992), Merriman (1990) , Moomaw and Williams (1991) , Munnell and Cook (1990) , and Munnell (1992) ]. Later studies, however, find that after controlling for region and state specific unobserved characteristics, public capital effects are not significant [Andrews and Swanson (1995) , Eisner (1991) , Evans and Karras (1994) , Garcia-Milà et al. (1996) , Holtz-Eakin (1993 , 1994 , and Moomaw et al. (1995) ].
Evidence on the effects of public capital at the regional level for other countries is in many respects similar to that for the US. In general, output elasticities are positive and relatively large in Japan [Merriman (1990) ], Spain [Cutanda and Patricio (1992) and Mas et al. (1996) ], Belgium [Everaert and Heylen (2004) ] and Germany [Stephan (2003) ] and substantially lower for France [Cadot et al. (1999) ]. Furthermore, the adoption of cost and profit equation approaches appears to have led to smaller estimates for the effects of public capital on economic performance [Boscá et al., (2000) , Everaert (2003) , and Moreno et al. (2003) ].
One possible explanation for the discrepancy between large aggregate effects and small regional effects is that spillover effects captured by aggregate level studies are not captured at the regional level [Boarnet (1998) and ]. As such, it could be argued that spillover effects should be an integral part of the analysis of the regional impact of public capital formation [Haugwout (1998 [Haugwout ( , 2002 ] as the effects of public capital formation in a region can be induced by public infrastructures installed in the region itself as well as public infrastructure outside the region. Paradoxically, possibly due to the inconclusive nature of the results on the impact of public capital on output at the regional level, the issue of the possible existence of regional spillovers from public capital formation has received little attention. Munnell (1990) deals marginally with this issue. Holtz-Eakin (1993, 1995 ) concludes that regional level estimates are essentially identical to those from national data, suggesting no quantitatively important spillover effects across regions. On the other hand, several other studies report evidence of spillovers [Boarnet (1998) , Cohen and Paul (2004) , and Pereira and Andraz (2004) ]. The empirical results reported in Pereira and Andraz (2004) , for example, suggest that only about one-fifth of the aggregate effects of public investment in highways in the US are captured by the direct effect of public investment in the state itself, the remaining corresponding to the spillover effects from public investment in highways in other states.
In addition, the significance of spillover effects is observed in some countries such as Portugal [Pereira and Andraz (2006) ] and Spain Roca (2003, 2007) ], and help explain some of the divergences found between regional and aggregate results. This paper is in the confluence of the regional literature on the effects of infrastructure investments and the issue of economic spillovers which is central to the whole approach. We use a multivariate time series approach, based on the use of vector autoregressive (VAR) models, developed in Pereira and Flores (1999) , Pereira (2000 Pereira ( , 2001 and subsequently applied to the U.S. in Andraz (2003, 2004) , to Portugal in Andraz (2005, 2006) , and to Spain in Pereira and Roca-Sagales (2003) , among others. This econometric approach highlights the dynamic nature of the interactions between infrastructure investments and the economy.
In terms of the scope of the analysis, we consider five regions at the NUTS II level -North, Centre, Lisbon, Alentejo, e Algarve -spanning the Portuguese continental territory. We use a newly developed data set for infrastructure investments in Portugal [see Pereira and Pereira (2015a) ], including regionalized information for eight infrastructure assets: three types of road transportation infrastructures (national roads, municipal roads, and highways), three types of other transportation infrastructures (railroads, ports, and airports), and two types of social infrastructures (education and health infrastructures).
We estimate region and asset specific models. For each of the five regions we estimate eight models one for each of the eight individual infrastructure investments. In each of these models we consider in addition to regional output, employment and private investment, both infrastructure investment in the region and infrastructure investments elsewhere. This is consistent with the evidence on the potential relevance of regional spillovers, that is, economic performance in each region being affected also by infrastructure investments elsewhere.
It should be pointed out that although our approach is eminently empirical, it is not atheoretical. Indeed, our analysis is grounded in a dynamic model of the economy which helps understand the effects of infrastructure investments on labor productivity. In this model, the economy uses a production technology based on the use of capital and labor, as well as infrastructure, to generate output. Given market conditions and the availability of infrastructures, private agents decide on the level of input demand and the supply of output. In turn, the public sector engages in infrastructure investment based on a policy rule that relates infrastructure to the evolution of the remaining economic variables. The estimated VAR system can be seen as a dynamic reduced form system for a production function and three input demand functions -for employment and private investment as well as infrastructure investment [a policy function]. This framework captures the direct role of infrastructures as inputs in production as well as the indirect role through their effect on the demand for the other inputs.
In this context, it is relevant to mention that this work is also related to the literature on fiscal multipliers, i.e., on the macroeconomic effects of taxes and government purchases [see, for example, Baunsgaard et al. (2014) and Ramey (2011) , for recent surveys of this literature, and Leduc and Wilson (2012) for a related application]. It is in fact very much in the spirit of the approach pioneered by Blanchard and Perotti (2002) , which is based on a VAR approach and uses the Choleski decomposition to identify government spending shocks. We focus, however, on a specific type of public spending -infrastructure investment and its effects on the economy, as opposed to aggregate spending or military spending as it is traditional in this literature. In this sense, this paper is closer in focus to Leduc and Wilson (2012) , but has much more disaggregated nature both in terms of infrastructure assets and in its spatial dimension. This paper is organized as follows. Section 2 presents both the infrastructure investment data and the economic data. Section 3 presents the preliminary econometric results including the VAR model specification and discusses the identification of exogenous shocks to infrastructure investment as well as the measurement of their effects. Section 4 presents the main empirical results and address the three main research questions we mentioned above. Section 5 presents a summary, policy implications, and concluding remarks.
Data Sources and Description

The Regional Data Set
We consider annual data on output, employment, gross private investment for the five The macro data at the regional level were obtained from the different annual issues of the Regional Accounts published by the National Institute of Statistics/Instituto Nacional de Estatística, which for the period after 1995 are available on-line at http://www.ine.pt. The regional disaggregation of private investment poses a particular challenge since such data does not exist until 1995. To obviate this problem, we constructed a data series for private investment by region from 1980 to 1994, using regional data for private output and data for aggregate private investment.
Specifically, private investment figures by region were obtained as the product of the aggregate private investment by the fraction of the private output in that region.
Summary statistics for the regional macro data are provided in Overall, the predominance of North and Lisbon remained high and relatively stable during the sample period. This is particularly the case for output and employment for which a slight decline in North was matched by a slight increase in the Lisbon. In turn, there is a pattern of slight decline in the concentration of private investment mostly through a great reduction in the share of Lisbon.
The Infrastructure Investment Data Set
The data for infrastructure investment are from a new data set developed by Pereira and Pereira (2015a) and covers the period between 1978 and 2011, although we only use the data for 1980-2011, due to the limitations in the availability of economic data prior to 1980. Infrastructure investment is measured in millions of 2005 euros. The data set includes infrastructure investments in twelve individual types of infrastructures grouped in five main categories: three road transportation infrastructure assets, three other transportation infrastructure assets, two social infrastructures assets, three types of public utility assets and telecommunication infrastructures. Of these twelve assets the data set provides information about the regional location of investments for eight, specifically to the exclusion of the three public utility assets and of telecommunication infrastructures. Table 3 presents summary information for infrastructure investment effort, as a percent of GDP, as well as a percent of total infrastructure investment.
Road transportation infrastructures include national roads, municipal roads and highways.
Investment efforts and the extension of motorways in Portugal grew tremendously during the 1990s with the last ten years marked by a substantial increase in highway investments. This corresponds in absolute terms to an increase from 0.74% of the GDP in the 1980s to 1.52% in the last decade.
The largest component of road transportation investments for the sample period was national road investment, amounting to 0.52% of GDP. What is most striking, however, is the substantial increase in investment in highways since 2000. In the last decade, highway infrastructure investment amounted to 0.59% of GDP and surpassed national road infrastructure investment in importance. In contrast, the past thirty years have seen a steady decline in municipal road infrastructure investments.
Other transportation infrastructures include railroads, airports and ports. These investment reached their greatest levels in the nineties with the modernization of the railroad network and port expansion projects while the last ten years saw also a substantial growth in investment in airports. In the EU as well as the start of the different community support frameworks are all considered as potential candidates for structural breaks in every single step of the empirical analysis that follows.
The regional decomposition of infrastructure investments as a percentage of the GDP is summarized on Table 4 , while the regional decomposition of investments in road infrastructures, other infrastructures, and social infrastructure is presented in Table 5 .
Over the sample period, the North region concentrates the higher proportion of infrastructure investment, 30.81%, followed by Centre, with 26,24%, Lisbon with 24.48%, Alentejo with 12.49% and Algarve with 5.64%. Over the sample period North, Alentejo and Algarve show an increasing trend in terms of the relative importance of infrastructure investments in the region to reach 31.76%, 13.25%, and 6.67%, respectively. As to the Centre it reached a low point in the nineties and has recovered in the last decade, the opposite being the case of Lisbon, where infrastructure investments peaked in the nineties and declined substantially in the last decade to reach just 20.41%.
In terms of the regional composition of investments in road infrastructures North captures the largest share, 33.33%, followed by Centre with 29.76% but with a low in the nineties with 24.40%, Lisbon with 16.12% but with a great decline in the 2000s with 8.64%. Alentejo and Algarve capture 14.13% and 6.65% and show a clearly increasing trend. In turn for investments in both other transportation infrastructures and social infrastructures, Lisbon is in the lead with 35.37% with an increasing trend over time for other transportation and 31.96% with a decreasing trend for social infrastructures. For these two types of infrastructure investment North captures the second largest share with an increasing tendency followed by Centre with relative stable shares. Alentejo shows a collapse in other transportation investments in the last decade while Algarve has a small but increasing share of social infrastructure investments.
Preliminary Data Analysis
Unit Roots, Co-integration, and VAR specification
We start by using the Augmented Dickey-Fuller t-tests to test the null hypothesis of a unit root in the different variables. We use the Bayesian Information Criterion (BIC) to determine the number of lagged differences, the deterministic components, as well as the dummies for the potential structural breaks to be included. We find that stationarity in first differences is a good approximation for all series under consideration. This evidence is consistent with the conventional wisdom in the macro literature that aggregate output, employment, and private investment are I(1).
Although our series are more disaggregated, the same pattern of stationarity is not surprising.
We test for co-integration for each region among output, employment, private investment, and infrastructure investment for each of the different infrastructure types. We use the standard Engle-Granger approach. We have chosen these procedures over the often used Johansen approach for two reasons. First, since we do not have any priors that suggest the possible existence of more than one co-integration relationship, the Johansen approach is not strictly necessary. More importantly, however, for smaller samples based on annual data, Johansen's tests are known to induce strong bias in favor of finding co-integration when it does not exist (although, arguably, the Engle Granger approach suffers from the opposite problem). Again, we use the BIC to determine the number of lagged differences, the deterministic components as well as dummies for the potential structural breaks to be included. As a general rule our tests cannot reject the null hypothesis of no co-integration. This is consistent with the view that it is unlikely to find co-integration at a more disaggregated level when we fail to find co-integration at the aggregate level.
The absence of cointegration is neither surprising nor problematic and is, in fact, consistent with results in the relevant literature [see, for example, Pereira (2000) and Pereira and Andraz (2003) for the US case, Pereira and Roca (1999) for the Spanish case, and Pereira and Andraz (2005) and
Pereira and Andraz (2006) for the Portuguese case]. On one hand, it is not surprising to find lack of evidence for long-term equilibrium relationships for an economy that has a long way to go in its process of converging to the level of its peers in the European Union. This is so at a more aggregated level and even more so when we consider the data at the regional level and its interaction with aggregate infrastructure investment variables. On the other hand, the absence of cointegration is not problematic as it only implies that a less simultaneous and dynamic approach based exclusively on OLS univariate estimates using these variables' would lead to spurious results. Specifically, the existence of cointegration means that two variables tend to a fixed ratio that is that in the long-term they grow at the same rate. Absence of cointegration suggests that they do not grow at the same rate, that is, there are differentiated effects of infrastructure investments on the levels of the each of the other variables.
Having determined that all of the variables are stationary in first differences and that they do not seem to be co-integrated, we follow the standard procedure in the literature and determine the specifications of the VAR models using growth rates of the original variables. We estimate five region specific VAR models for each of the different infrastructure types. Each VAR model includes output, employment, and private investment in the region as well as the relevant infrastructure investment variables, both infrastructure investment in the region and infrastructure investment elsewhere. This means that, consistent with our conceptual arguments, the infrastructure investment variables are endogenous variables throughout the estimation procedure. We use the BIC to determine structural breaks and deterministic components to be included. Our test results suggest that a VAR specification of first order with a constant and a trend as well as structural breaks in 1989, 1994, and 2000 is the preferred choice in the overwhelming majority of the cases. Not surprisingly, most exceptions occur for Lisbon, region which was specially in the last decade less of a focus for the EU structural funds policies and for which, accordingly, several of the structural breaks are not significant.
One important point to mention in terms of the VAR estimates is that the matrices of contemporaneous correlations between the estimated residuals display typically a block diagonal pattern. Specifically, the contemporaneous correlations between innovations in infrastructure investments and the other variables tend to be substantially smaller, if significantly different from zero, than the correlations between the different pairs of innovations among the other variables. As a corollary, the effects of the innovations in infrastructure investment are very robust to the orthogonalization mechanisms, a matter that we further discuss below.
Identifying Exogenous Innovations in Infrastructure Investment
We use the impulse-response functions associated with the estimated VAR models to obtain the effects of innovations in infrastructure investment on output, employment, and private investment. While the infrastructure investment variables are endogenous in the context of the VAR models, the central issue in determining the economic impact of infrastructure investment is the identification of exogenous shocks to these variables. These exogenous shocks represent innovations in infrastructure investments both in the region and elsewhere that are not contaminated by other contemporaneous innovations and, therefore, avoid contemporaneous reverse causation issues.
In dealing with this issue we draw from the approach typically followed in the literature on We assume that the information set for the relevant policy makers includes past values but not current values of the aggregate private sector variables. This is equivalent in the context of the standard Choleski decomposition to assuming that innovations in infrastructure investments lead innovations in the other variables. Therefore, while innovations in infrastructure investment affect the other variables contemporaneously, the reverse is not true.
We have several reasons for making this our central assumption. First, it seems reasonable to assume that the economy reacts within a year to innovations in infrastructure investments. Second, it also seems reasonable to assume that the public sector is unable to adjust infrastructure investment decisions to innovations in the economic variables within a year. This is due to the time lags involved in information gathering and public decision-making. Moreover, this assumption is particularly plausible at the regional level. This is because most of the regional infrastructure investment is financed by government funds, and therefore, at the national level. We would expect innovations in national funding decisions to be even less correlated with innovations in regional economic variables than innovations in aggregate infrastructure investment with innovations in aggregate economic variables.
This assumption is also adequate from a statistical perspective. Indeed, invariably, the policy functions point to the exogeneity of the innovations in infrastructure investment, i.e., the evolution of the different infrastructure investments does not seem to be affected by the lagged evolution of the remaining variables. This is to be expected because infrastructure investments were very much linked to EU support programs and therefore not responsive to the ongoing economic conditions and regardless we would not expect any single economic sector to have an impact on decision making for infrastructure investments at the national level. Furthermore, and in a more technical vein, when we added to the policy functions contemporaneous values for the economic variables in addition to the lagged values, again, invariably, the estimated coefficients' were not significant. This is consistent with the block diagonal patterns we found for the matrices of contemporaneous correlations among the estimated residuals.
The identification of exogenous innovations in infrastructure investment has an additional dimension at the regional level as we consider both infrastructure investment in the region and infrastructure investment elsewhere. Indeed, we need to consider the contemporaneous relationship between innovations in infrastructure investment in the region and innovations in infrastructure investment outside the region. Here our assumption is that innovations in infrastructure investment outside any given region lead innovations in infrastructure investment in the region. This means that innovations in infrastructure investment outside the region affect contemporaneously innovations of infrastructure investment in the region but the reverse is not true.
This assumption is justified by the fact that, despite the small number of regions, the fraction of infrastructure investment undertaken in any given region is always substantially smaller than the infrastructure investments undertaken in the rest of the country. Besides, the alternative assumption of having investments in a given the region leading would not only be clearly inaccurate as a general matter but would also lead to contradictions across regions, as naturally not all regions could be leading simultaneously.
Measuring the Effects of Innovations in Infrastructure Investment
We consider the effects of one-percentage point, one-time shocks in the rates of growth of the different types of infrastructure investments both in the region and elsewhere, on output, employment, and private investment in the region. We expect these temporary shocks to have temporary effects on the growth rates of the other variables and, therefore, to have permanent effects on the levels of these variables. Since the temporary effects are different for different variables, the level effects will also be different. This implies changes in the long-term observed ratios between the different variables, which is consistent with the absence of evidence of cointegration.
We compute the accumulated impulse-response functions as well as the corresponding 90% bands that characterize the likelihood shape for each of the five regions and for each of the eight infrastructure assets, i.e., forty region-infrastructure specific cases. These figures show the cumulative effects of shocks on infrastructure investments based on the historical record of thirty two years of data as filtered through the VAR and the reaction function estimates described above.
We observe that without exception the accumulated impulse response functions converge within a relatively short time period suggesting that most of the growth rate effects occur within the first ten years after the shocks occur. Accordingly, we present the accumulated impulse response results for only a twenty-year horizon.
The error bands surrounding the point estimates for the accumulated impulse responses convey uncertainty around estimation and are computed via bootstrapping methods. We consider 90% intervals although bands that correspond to a 68% posterior probability are the standard in the literature (Sims and Zha, 1999) . Employing one standard deviation bands narrows the range of values that characterize the likelihood shape and only serves to reinforce and strengthen our results.
Further evidence exists that nominal coverage distances may under represent the true coverage in a variety of situations (Kilian, 1998) . Similarly, placing too great a weight on the intervals presented in evaluating significance in unwarranted in all but the most extreme cases. Thus, the bands presented are wider than the true coverage would suggest. From a practical perspective, when the 90% error bands for the accumulated impulse response functions include zero in a way that is not marginal (to allow for the difference between the 90% and 68% posterior probability) we consider that the effects are not significantly different from zero.
To measure the effects of shocks in infrastructure investment both in the region and elsewhere, we calculate the long-term elasticities and the long-term marginal products of the different economic variables with respect to each type of infrastructure investment. These concepts depart from the conventional understandings because they are not based on ceteris paribus assumptions, but rather include all the dynamic feedback effects among the different variables.
Naturally, these are the relevant concepts from the standpoint of policy making.
The estimates of the long-term accumulated elasticities of regional private investment, employment and output with respect to infrastructure investment in the region and elsewhere are presented in Tables 6, 7, Based on these elasticities we calculate the long-term accumulated marginal products for regional private investment, employment and output with respect to infrastructure investment in the region and elsewhere. These marginal products measure the euro change in regional private investment and output, and the number of permanent jobs regionally created, for each additional dollar of investment in infrastructures either in the region or elsewhere. The marginal product figures are obtained by multiplying the average ratio of each regional variable to infrastructure investment in the region or elsewhere, by the corresponding elasticity. Accordingly, the marginal product figures are the most interesting from a policy perspective as they capture both the effects of scarcity and the effects of the structural coupling of infrastructure investments and the regional economy as reflected in the elasticities figures.
In computing the marginal products, we use the average ratio of the economic variable to the level of infrastructure investment over the last ten years of the sample. This allows the marginal products to reflect the relative scarcity of the different types of infrastructures at the margin of the sample period without letting these ratios be overly affected by business cycle factors or other incidental regional factors in any given year.
The marginal product figures at the regional level are weighted figures. This means that the raw marginal products for each region are multiplied by the average share of regional infrastructure investment in aggregate infrastructure investment for the last ten years. This allows us to interpret the sum on the regional marginal products as the combined effect of one euro in aggregate infrastructure investment given the regional decomposition of infrastructure investment. Therefore, the sum of the disaggregated figures obtained from the regional-specific models is directly comparable to the marginal product figure for the whole country.
On the Regional Effects of Infrastructure Investment
Preliminary Conceptual Remarks
To help frame the effects of infrastructure investments on the regional economic mix it is useful to understand the different mechanisms through which these investments and the related assets affect economic performance. In general terms, infrastructures fall in the category public goods or of externalities -they provide services that although being necessary for private sector activity, would not be available or would be in short supply if totally left to private sector mechanisms. As such their provision is either public or done through close public tutelage.
In this context, we can see infrastructure investments and the assets they generate affecting economic activity through different channels each with rather different impact on what one would expect in terms of the regional incidence of the effects depending on location, industry make up etc.
First, there is what we could call a functional channel. Infrastructures fulfill a role as production inputs directly relevant for the activity in question. Transportation services for example, need a good road and other transportation network, while sectors that are either more labor intensive or rely more on skilled labor, such as finance or telecommunications, professional services, will have their productivity affected directly by the network of social infrastructures. This is, therefore, essentially a supply side channel. The ultimate effects are going to depend on the direct relevance of the infrastructure as an additional input to production as well as on the nature of the relationship between infrastructure and private inputs -labor and private capital.
While the functional channel is the most recognized and often the only recognized channel it is neither the only channel nor necessarily the most important. A second channel is what we could call the construction channel. These investment projects inevitably use vast pools of resources, engage the rest of the economy in the process itself of constructing these assets. Making available a road, or a port, a hospital or a waste management facility, directly engages the construction industry and through it the rest of the economy -construction materials, etc. These are demand side effects on output and employment that although reverberating throughout the economy are expected to be short-lived.
A third channel through which infrastructures affect economic performance is the operation and maintenance channel. Operating and maintaining existing infrastructures creates needs for use of resources -goods and services and labor. While the effects of the economic effort involved in operation and maintenance of a road infrastructures, for example, could easily be neglected, the same cannot be said about operating and maintaining a port, an airport, a hospital or a school. This is also a demand side effect but unlike the previous one it is more long lasting. 
Framing the Empirical Effects of Infrastructure Investments
We start by framing the regional effects of infrastructure investments by addressing the issue of the aggregate effects for the whole country as measured by the sum of the direct effects for each region from investments in the region and the spillover effects for each region from investments elsewhere. These results for each assets are reported in the total rows of Tables 9, 10, and 11 for road infrastructures, other transportation infrastructures, and social infrastructures, respectively.
We find that the largest aggregate effects for the country, in terms of either employment, 
On The Regional Effects of Infrastructure Investments by Asset
Having presented the effects of investments on different infrastructure assets at the aggregate level, we now turn to the decomposition of these effects at the regional level. The idea is to identify for each infrastructure asset the regions that benefit the most, when we account for both the effects of investments in the region and spillover effects from investments elsewhere. We focus our discussion on the output effects although in most, but not all cases, the effects on private investment and employment show similar patterns. The results are reported in Tables 9, 10, 
On the Effects of Infrastructure Investments by Region
We consider now the results from a different perspective, i.e., for each region we want to identify which infrastructure assets lead to the greatest effects when we consider both the direct effects of investments in the region itself and the spillover effects captured by the region from investments in other regions. We still consider 9, 10, and 11, and again focus on the output effectsthe effects on employment and private investment following similar patterns.
For North, the largest output effects come from investments in education with 13.041, and to a lesser extent investment in airports, ports and health with 6.447, 5.762, and 4.799. This region captures sizable spillover effects from port and education investments but also from municipal roads elsewhere.
In turn, for Centre, the largest output effects are due to investments in ports and education with marginal products of 17.546 and 15.177, respectively, and to a lesser extent municipal roads and health with 8.861 and 4.459, respectively. In each of these cases spillovers from investments elsewhere are very significant. Spillovers are also significant from investments in railroads and airports.
As to Lisbon, the best output effects come from investments in airports and ports with 12.941 and 14.435 and to a lesser extent national roads, municipal roads and education with 5.499, 6.123, and 5.375. Output spillovers are particularly strong for investments in national roads and ports and still very significant for investments in municipal roads and airports.
Finally, for Alentejo and Algarve, all effects are relatively small and the spillovers not very sizable. For Alentejo, the largest effects come from investments in airports and education and are due to spillover effects from investments elsewhere while for Algarve the largest effects are from investments in airports and ports and are also due mostly to spillovers.
On the Effects Infrastructure Investments on the Regional Mix of Economic Activity
In this section, we probe more formally into the issue of which regions benefit the most from infrastructure investments. We want to identify the effects of infrastructure investment on the regional mix of economic activity in the country.
To analyze the effects of infrastructure investments on the regional mix, we need to move beyond the magnitude of the effects of infrastructure investments in absolute terms and turn to the effects in relative terms. This means, first, for each region the size of its effects relative to the total effects for all regions and, second, these shares relative to the size of the region. The point is that the small effects for certain regions, maybe just a reflection of the fact that these regions are small.
Furthermore, even small effects are significant if the share of the total effects they represent exceeds the share of the region in the total economy. In this case, the marginal effects induced by the infrastructure investments exceed the average size of the region and as such infrastructure investments tend to make such region relatively more important in the regional mix. The results of infrastructure investments in the regional economic composition are reported in Tables 12, 13, and 14, for road infrastructures, other transportation infrastructures, and social infrastructures, respectively. As before, we focus our discussion on the effects on the regional output mix. The effects on the regional mix of employment and private investment are also reported in the same tables and follow in broad strokes the same patterns.
For road transportation infrastructures, investments in national roads shift the output regional mix towards North, Lisbon, and Alentejo, while investments in municipal roads have the same effects for Centre and investments in highways once again in North, Lisbon and Alentejo.
None of the investments in road infrastructure assets shifts the composition of regional output toward Algarve.
For other transportation infrastructures the shifts in regional output composition occur in North and Alentejo for railroad investments, Lisbon, Alentejo, and Algarve for airport investment, and Centre and Algarve for port infrastructure investments. This means that every region benefits in relative terms from investments in one of the other transportation infrastructure assets.
Finally, for social infrastructures, investments in both education and health shift the regional output mix towards North and Centre, for health infrastructures, towards the Alentejo as well.
Accordingly, Lisbon and Algarve do not benefit in relative terms from either education or health infrastructure investments.
If we look at this issue from the perspective of each region, the relative importance of North in the regional output mix is enhanced by investments in national roads, highways, railroads, education, and health while the relative importance of Centre is enhanced by investments in municipal roads, ports, education, and health. In turn, for Lisbon, its relative importance in the regional output mix is increased by investments in national roads, highways, and airports. For Alentejo the relative importance increases with investments in national roads, highways, railroads, airports and health. Finally, Algarve sees its output share increased by only investments in airports and ports.
Summary and Concluding Remarks
In this paper we deal with the issue of identifying empirically the effects of infrastructure investments on the regional mix of economic activity in Portugal. To address this issue we use a new data set for infrastructure investments in Portugal at the level of the NUTS II regions. We use a region-specific VAR approach which considers for each region not only the effects of infrastructure investments in the region itself but also the regional spillover effects for each region from infrastructure investments elsewhere.
Our results can be summarized as follows. First, we find that considering all of the direct and spillover effects for all regions, the infrastructure investments with the largest aggregate effects are in municipal roads, airports, ports, and education, while more moderate effects stem from investments in national roads and health and the effects of investments in highways and railroads are clearly the smallest. Regional spillovers are very important across the board, and are particularly relevant for municipal roads and highways. On the flip side, investments in national roads and airports show relatively low spillover effects.
Second, when we consider the regional effects of infrastructure investments in terms of their absolute magnitude we observe that in terms of road infrastructures, the largest effects for investments in national roads occur in North and Lisbon, the effects for Lisbon being mostly due to spillovers. For investments on municipal roads, the largest effects occur in Centre and Lisbon with spillovers particularly relevant in Centre while for investments in highways the effects are small across the board. For other transportation infrastructure the only region that benefits in a meaningful way from railroad investments is North with important spillover effects. As to investments in airports, the largest benefits occur in North and Lisbon with spillovers relevant in Lisbon, while for investments in ports the largest effects occur in Centre and Lisbon, with spillover representing the bulk of the effects for Lisbon. Finally, social infrastructures investments in educational and health facilities benefit mostly North and Centre, in both cases with important spillover effects.
Third, when we consider the regional effects of infrastructure investments in terms of their magnitude relative to size of the region, we find that for road transportation infrastructures, investments in national roads shift the output regional mix towards North, Lisbon, and Alentejo, while investments in municipal roads have the same effect for Centre and investments in highways once again in the North, Lisbon and Alentejo. For other transportation infrastructures the shifts in regional output composition occur in North and Alentejo for railroad investments, Lisbon, Alentejo, and Algarve for airport investment, and Centre and Algarve for port infrastructure investments.
Finally, investments in both education and health shift the regional output mix towards North and Centre, and for health infrastructures, towards the Alentejo as well.
There are some important policy messages from these results. The regional disaggregation of aggregate effects of infrastructure investments shows a wide disparity of effects, the prevalence of regional spillovers, and important shifts in the regional economic mix. This suggests that emphasis on road investments in the last few decades, for example, may have shifted economic activity away from Centre and even more so Algarve. These ideas are also important to keep in mind in the design of new infrastructure investments. For example a new focus on other transportation infrastructures may have more balanced regional effects while a new focus on social infrastructures shifts the regional mix in the country for North and Centre. Naturally, this is not meant to imply that infrastructure investments are the only or even the most important factor behind the observed shifts in the regional economic mix but rather to argue that infrastructure investments seem to have played a role in those shifts.
The results in this paper open the door to several important research avenues, technical and yet directly relevant for policy making. An important next step would be going more in the direction of the fiscal multiplier literature and to explore how non-linearities may affect the effects of infrastructure investments. In particular, it would interesting to consider the issue of regime switching, i.e., if it makes a different if the investments occur in a boom or a bust, as well as the issue of the potential differential effects between investment increases and decreases. In addition, a closer look at the timing of the effects, that is, the issue of whether most of the effects occur in the short- To conclude, it should be mentioned that although this paper is an application to the Portuguese case and is intended to be directly relevant from the perspective of policy making in Portugal, its interest is far from parochial. From a methodological perspective and from the standpoint of policy making, the issue of determining empirically the effects of infrastructure investment efforts on the regional economic mix provides critical information, most often than not absent, to the adequate design by any country of development strategies that rely to any meaningful extent on infrastructure investments. In fact, it is critical that improving the overall economic standing of a country should not be done at the cost of increasing the regional disparities in the country. (*) The estimates marked with asterisk are not significantly different from zero as implied by the standard deviation bands around the accumulated impulse response functions.
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